A zinc iodide-osmium tetroxide (ZIO) staining technique comparable to the silver impregnation method of demonstrating nerve terminals by optical microscopy was described by Maillet in 1962 (8) and Jabonero in 1964 (6) . It was subsequently adapted to electron microscopic studies of nerve terminals in the subfornical organ and neuromuscular junctions (1), spinal cord (7), superior cervical ganglion (10), pineal body (11, 12) mammalian olfactory bulb (5), goldfish spinal cord (4) and cephalopod brain (9) . The stain has an affinity for synaptic vesicles in nerve terminals and some authors have claimed that it could be used to demonstrate cholinergic nerve terminals (1, 9) but this has been disputed by others (10, 11, 12) . The precise specificity of the procedure is still in doubt (2) .
All those (1, 4, 5, 7, 9, 11) who have so far used the ZIO reaction to demonstrate nerve terminals by electron microscopy employed a mixture of zinc powder and iodine bisublimate in the form of a suspension. This was well shaken and filtered before mixing with osmium tetroxide solution. In the present study we used cheaper and more easily prepared zinc iodide which does not require filtration. The final mixture contains either 1 % or 2 % zinc iodide, is yellow brown to dark brown in color, and has a pH of about 5.0.
After incubation the blocks of tissue were dehydrated in a graded series of acetone and embedded in Epon 812. Semi-thin sections of the ventral horn of the cords were stained and examined before proceeding to thin sectioning. Thin sections were cut on a Porter Blum II Ultramicrotome, stained with uranyl acetate and lead acetate and examined in a JEM 7 electron microscope. A parallel series of sections impregnated with ZIO by the method of Kawana et al. (7) was also prepared for purposes of comparison.
RESULTS
The effects on nerve terminals in the ventral horns of the cords produced by varying the final concentration of zinc iodide and the duration of incubation were as follows : 1. 1 % zinc iodide ; 8 hours incubation.
A very weak positive reaction was observed in the presynaptic terminals of the cord. The terminal shown in Fig. 1 contained many agranular synaptic vesicles, some large dense cored vesicles, mitochondria and a few intensely stained structures which we consider to be impregnated synaptic vesicles. The ZIO reaction was minimal in agranular synaptic vesicles and absent in pre-and postsynaptic membranes and mitochondria. 2. 1 % zinc iodide ; 16 hours incubation.
A more marked reaction was observed in the nerve terminals in this case. The number of densely stained structures believed to be synaptic vesicles was greatly increased (Fig. 2) . Synaptic membranes and mitochondria were not stained. 3. 1 % zinc iodide ; 20 hours incubation.
Numerous synaptic vesicles gave a positive reaction, probably to a greater extent than when incubated for 16 hours (Fig. 3) . Nevertheless the number of positive vesicles was less than half the total number in the terminals. Once again there was no observable response in synaptic membranes or mitochondria. Two types of terminal are found in the spinal cord, type S containes a preponderance of spherical vesicles, type F a preponderance of flattened vesicles (3, 13) . In this study both types of terminal showed a positive ZIO reaction, the only difference being in the shape of the vesicle.
2 % zinc iodide ; 8 hours incubation.
The results appeared to be intermediate between those obtained by incubating for 8 hours and 16 hours in 1 % zinc iodide. Some dark staining vesicles were observed in the terminals but the majority were unaffected (Fig. 4) . 5. 2% zinc iodide ; 16 hours incubation.
Under these conditions the ZIO reaction was much more apparent than in the 8 hour preparations, but the total number of stained vesicles was less than 50%, a comparable proportion to that obtained in the 1 % zinc iodide/20 hour incubation experiment (Fig. 5) . No other elemental structure gave a positive reaction except for myelin sheath, in which the innermost lamellae were deeply stained (Fig. 6 ). 6. 2 % zinc iodide ; 20 hours incubation. Almost 50% of the vesicles in both S and F terminals were heavily stained , the remainder showed no reaction (Fig. 7) . Even after this long incubation period the synaptic membranes, mitochondria and other neuronal and glial elements, apart from myelin sheath lamellae, failed to stain.
In order to assess the possible effect on the ZIO reaction of varying the strength of the glutaraldehyde prefixation solution we performed all the above experiments in parallel, one series being prefixed in 2.5% glutaraldehyde, the other in 6.25% glutaraldehyde. The reaction observed in the synaptic vesicles appeared to be identical in both cases. Although we regard glutaraldehyde fixation as an essential step in this technique its concentration appears to be unimportant.
We also found that washing the specimens with Tris-HC1 buffer was a prerequisite of the ZIO reaction since non specific precipitation occurred after incubation in specimens that were not washed in this way.
The degree of the ZIO reaction on synaptic vesicles for each of the six incubation conditions was divided into 5 categories as shown in Table 1 .
DISCUSSION
Reproducible results were obtained by using a modified ZIO method of demonstrating synaptic terminals in the ventral horn of the spinal cord of the rat. The method offers advantages of economy and ease of preparation of the reaction medium, without sacrificing the reaction specificity and tissue preservation described by other investigators.
We found the optimum concentration of zinc iodide for staining synaptic vesicles to be 1 % or 2%, which accords with the final concentration in the filtered solutions used by other workers (1, 4, 5, 7, 9, 11) . Adjustment of pH of the incubation medium does not seem to be critical as similar results were obtained with our method using pH 5.0 and that of Kawana et al. using pH 6.5. This does not necessarily apply to other structures e.g. neuronal and glial elements. Our results indicate a positive ZIO reaction in some lamellae of myelin sheaths, while others have described heavy staining of the Golgi complex and lysosomes of nerves and glial cells (2, 9) .
In our method there seemed to be a close parallel between the degree of the staining reaction of synaptic vesicles on one hand, and the duration of incubation and concentration of zinc iodide on the other. Non specific precipitation of osmium encountered by Martin et al . (9) did not occur in our preparations even after incubation times as long as 20 hours. We concluded that a 16 hour incubation period in a zinc iodide-osmium tetroxide mixture containing 1 % or 2% zinc iodide was the optimum staining condition consistent with tissue preservation. Using this method all the synaptic terminals of the ventral horn of the spinal cord gave a positive ZIO reaction . This result agrees with that of Kawana et al. (7) .
Almost 50% of the synaptic vesicles in those specimens subjected to long periods of incubation were found to be ZIO positive. All the vesicles, whether stained or not, were identical in shape and size, and a reason for the difference in the staining reaction must be sought. Three possible explanations for the failure of some vesicles to take up stain are that the vesicular contents lack affinity for ZIO, that the vesicular membrane is impervious to ZIO solution, and that the quantity of vesicular contents is insufficient for the reaction to occur. If the first assumption is accepted, it suggests the possibility of the existence of more than one transmitter in a single ending. There is no morphological evidence to support this theory, all vesicles having the same shape, size and density, but there may be a difference in the chemical nature of the vesicular contents. This is probably composed of neurotransmitter and an associated carrier substance, protein in nature. It has not been shown which of these substances is ZIO positive. Uchizono (13) postulated that in the ventral horn of the cat spinal cord the S type terminals, containing spherical vesicles only, were excitatory, while F type terminals containing a preponderance of flattened vesicles were inhibitory. If spherical and flattened vesicles contain different transmitters the ZIO reaction may involve carrier substance, which is common to both vesicles, rather than transmitter.
The possibility of different transmitters reacting simultaneously with ZIO must also be taken into account. Support for this may be found in the publications of the following authors :-Pellegrino de Iraldi and Subero (12) demonstrated the ZIO reaction in serotonin stored in vesicles of rat pineal nerve endings, which could be prevented by specifically inhibiting serotonin with DL-p-Chlorophenylalanine.
Matus (10) showed that chromaffin cells of the superior cervical ganglion known to contain catech.olamine were ZIO positive. Akert and Sandri (1) working with axon terminals in the subfornical organ and myoneural junctions suggested that the ZIO reaction occurred specifically at cholinergic nerve endings, and Martin et al. (9) using cephalopod nerves reached a similar conclusion.
It is clear from consideration of all the evidence that the specificity of the ZIO reaction cannot be precisely defined. Nevertheless, it provides a valuable method of demonstrating and classifying certain synaptic nerve endings.
